• AIM: To compare the efficacy, tolerability and safety of bromfenac 0.09%, nepafenac 0.1% or diclofenac 0.1% for the prophylaxis of the cystoid macular edema (CME) after phacoemulsification.
INTRODUCTION
C ystoid macular edema (CME) is the most common cause of vision loss after uncomplicated cataract surgery, has an incidence of 0.1%, and there is no total consensus about its prophylaxis and treatment [1] [2] . This pathology is associated with the blood-retinal barrier disruption induced by prostaglandins (PG) and other inflammatory mediators [3] . The currently available topical non-steroidal anti-inflammatory drugs (NSAIDs) for prevention and management of noninfectious ocular inflammation and CME in USA and Europe include bromfenac, indomethacin, diclofenac, flurbiprofen, ketorolac tromethamine and nepafenac. These drugs have been proven to be a safe and effective alternative to corticosteroids in the topical prevention and management of CME. Several studies assessed and compared the effectiveness of each of those drugs; however, there are no relevant studies comparing post-phacoemulsification effectiveness and tolerability of diclofenac sodium, bromfenac and nepafenac [4] [5] [6] . Clinicians have examined the effectiveness of postphacoemulsification CME control with NSAIDs after regulatory approval. Miyake et al [7] found that diclofenac was more effective in preventing CME than a topical corticosteroid eyedrop, fluorometholone. Indomethacin, among NSAIDs, has been used to prevent CME after cataract surgery and has good intraocular bioavailability [8] . Miyake et al [9] found that nepafenac 0.1% was more effective in preventing CME following cataract surgery than fluorometholone 0.1%. Wang et al [10] showed that bromfenac 0.1% was superior to both fluorometholone and dexamethasone in preventing CME following phaco emulsification. In an animal model, Bucolo et al [11] evaluated the effects of topical indomethacin, bromfenac and nepafenac on lipopolysaccharide-induced ocular inflammation and found that only indomethacin was able to prevent retinal vascular leakage in rats. Macular thickness increases in 27% to 41% of eyes undergoing phacoemulsification. Many studies assess the action of NSAIDs on the macular volume regarding postphacoemulsification CME prevention. Most of them conclude that even though the little increase of the macular thickness following uncomplicated cataract surgery is not clinically significant, the use of those drugs would be advisable after such operation to ensure an excellent final visual acuity. However, there is no evidence about which of the NSAIDs could be the most effective [12] [13] . We compared effectiveness of diclofenac sodium 0.1%, bromfenac 0.09% and nepafenac 0.1% in post-phacoemulsification CME prevention, by evaluating the macular volume using optical coherence tomography (OCT), and we examined the tolerability by ophthalmologic examination and a patient reported outcome questionnaire.
SUBJECTS AND METHODS
Group sequential observational comparative study of the effectiveness, tolerability and safety in the use of postphacoemulsification anti-inflammatory topical drugs. The study population consisted of patients on the waiting list for cataract surgery by the Costal del Sol Health Agency and without having any exclusion criteria, underwent phacoemulsification surgery and intraocular lens implantation in the posterior chamber together with post-surgery topical anti-inflammatory treatment. The study duration was 6mo of post-operative follow up. We enrolled patients from June to December 2015. We used the following exclusion criteria: history of allergic reaction to topical NSAIDs, history of weight loss, corneal erosion, ulcer or perforation, history of retinal disease (diabetic macular edema, proliferative diabetic retinopathy, age-related macular degeneration and post central and branch retinal vein occlusion edema), prior uveitis, intraocular surgery or advanced glaucoma. As part of the clinical history at the preoperative initial visit we recorded the following: the eye operated, type of ocular anaesthetic, and history of diabetes mellitus. The eye examination included: best corrected visual acuity (BCVA), intraocular pressure (IOP), biomicroscopy (BM), ocular fundus (OF) and OCT using Topcon three-dimensional OCT 2000 (Topcon Medical Systems, Inc., Oakland, NJ, USA). The latter assessed the average macular thickness in microns (AT), the central foveal thickness in microns (CT) and the total macular volume in cubic millimeter (TV). After surgery, we separated treatment groups into intervals of 2mo for topical treatment with diclofenac sodium 0.1% (for the first two months of the study), bromfenac 0.09% (for the following two months of the study) and nepafenac 0.1% (for the last two months of the study), all of them combined with an antibiotic and a steroid. Patients were instructed to instill a drop of diclofenac sodium 0.1% in the operated eye four times per day, a drop of bromfenac 0.09% twice a day, and a drop of nepafenac 0.1% three times a day. They started the topical treatment with NSAID on the first post-operation day (day 1), and continued for three weeks for diclofenac sodium 0.1% and nepafenac 0.1%, and two weeks for bromfenac 0.09%. All patients received topical tobramycin 0.03% (four times daily), starting 3d before the surgery and finishing one week after it, and topical prednisolone 1% (after the phacoemulsification) with the following administration regimen: every hour for the first 24h, 4 times daily for the first week, 3 times daily for the second week, twice daily during the third week, and once daily the fourth week. The postoperative examination of the patient was carried out on day 1 (visit 1), at week 3 (visit 2), and 2mo after phacoemulsification (visit 3). OCT was performed before surgery, at week 3 and 2mo after surgery. At visit 1 BCVA, IOP and BM were assessed. At visit 2 BCVA, IOP, BM, OF and the OCT were assessed. At visit 3 OCT imaging was performed and patients filled in the questionnaire about their satisfaction with their medication treatment. Every item in it was scored from 1 (minimum) to 5 (maximum). Items are shown in Table  4 . During the whole survey all postoperative problems were considered. The study protocol was reviewed by the central internal review board for the investigational site, and the study was conducted in accordance with the principles stated in the Declaration of Helsinki. Written informed consent was obtained from all patients before initiation of study specific procedures. Statistical Analysis Descriptive analysis was conducted with measures of central tendency and dispersion for quantitative variables, and distribution of frequencies for the qualitative ones. In the comparison of the three treatment groups, the onefactor ANOVA test was used for the quantitative variables result, including 95% confidence intervals (95%CI) for mean values, and Chi-square test was used for the qualitative variables result. Statistical significance level was set at P<0.05 and statistical analysis was performed using SPSS 19.0 (SPSS ® , Chicago, IL, USA). RESULTS A total of 243 patients were studied, of which 85 (35%) were treated with diclofenac sodium 0.1%, forming Group A; 80 (32.9%) were treated with bromfenac 0.09%, forming Group B; and 78 (32.1%) were treated with nepafenac 0.1%, forming Group C. Median age was 71.7 years old (SD 9.3), it was different in each of the three groups (P=0.012) and higher in the bromfenac 0.09% group (74.2, SD 9.3). There were no differences among groups in the rest of pretreatment sociodemographic variables. Of the participants, 57.6% were women, and 90.9% had Spanish nationality. The operated eye was the right one in 51% of patients, 30.5% had diabetes mellitus, and topical anaesthetic (60.8%) was the most frequent type (Table 1 ). In the assessment of pre-surgery indicators and the 3-week and 2-month monitoring, significant differences in the CT value were found among groups. Thus, at the 3wk monitoring, CT was reduced in the bromfenac group by -21.3 mm 3 (95%CI:
-40.7 -1.9), versus diclofenac sodium (-1.3; 95%CI: -13.3 -10.7), and nepafenac, where it increased 6.4 mm 3 (6.4; 95%CI:
-7.2 -20), for a P value of 0.037. At the 2mo assessment, the CT in the bromfenac group was reduced by -35.4 (95%CI: -61.5 -9.3), versus nepafenac (5.3; 95%CI: -9.3 -19.9) and diclofenac (-11.5; 95%CI: -24.4-1.5), for a P value of 0.015 (Table 2 ).
In the assessment of qualitative indicators, significant differences were found among groups (P<0.001) for the Tyndall effect, since such effect was reduced in 82.8% of patients of the nepafenac 0.1% group, while in the diclofenac sodium 0.1% group reduction was achieved in 65.5% of patients, and in 54.9% of patients of the bromfenac 0.09% group. Also notable differences (P=0.026) were observed among groups in the degree of pain, which decreased by 19% in patients of diclofenac sodium 0.1%; in the blurred vision (P<0.001), with a reduction of 13.1% in the diclofenac group; and the foreign body sensation (P=0.009) was reduced in 20.2% also in the diclofenac group (Table 3) . Finally, postsurgical satisfaction questionnaire was completed by a total of 133 patients, of which 46 (34.6%) were treated with bromfenac 0.09%, 29 (21.8%) with nepafenac 0.1% and 58 (43.6%) with diclofenac sodium 0.1%. Globally, 84.1% had a correct medication adherence, 16.7% reported pain the postoperation day and 87.4% were satisfied with the medication. There were significant differences among groups for the variable of sticky eyes sensation (P=0.049), since that condition was present in 13.8% of the nepafenac 0.1% group, versus 10.3% in the diclofenac sodium 0.1%, while absent in all patients of the bromfenac 0.09% group. Likewise, there were important differences for the pain variable (P=0.025), since 20.7% of patients from the diclofenac sodium 0.1% reported present pain, versus 6.9% of the nepafenac 0.1% (Table 4) .
DISCUSSION
We found bromfenac is the most effective for the CME prevention and nepafenac was the least effective. We found nepafenac was the most effective and bromfenac the least in reducing inflammation (through the Tyndall effect). Through our patient reported outcome survey, patients reported diclofenac achieved the highest reduction of pain, and bromfenac, the lowest; diclofenac reduced the blurred vision and foreign body sensation the most. No patients using bromfenac reported a sticky eyes sensation. The drug which caused the most ocular discomfort was diclofenac, and bromfenac was the one which caused the least. The highest medication adherence was performed by patients in the bromfenac group, and the lowest, by the diclofenac one. The highest satisfaction was reported by the group that used nepafenac, and the lowest by the diclofenac group. Our study has limitations in the satisfaction questionnaire completion, as of the 243 participants, just over half of them answered it. Among the main reasons of that low response rate are mostly forgetting to complete it, losing the questionnaire form, and having no relatives to help them.
Multivariate analysis has not been carried out for all the described outcome variables: evolution of indicators, qualitative indicators, and satisfaction indicators due to insufficient sample power. Only multivariate linear regression analysis has been performed to adjust for age, and pre-surgery CT (which are the two variables below P<0.1 in bivariate analysis) for both the outcome variable of the CT follow up at 3wk and 2mo, and in both cases significant differences remain between treatment groups (results not described). Therefore, this is an observational comparative study, which assesses the effectiveness of the treatment in clinical practice. Both the pre-surgery and post-surgery assessments were carried out by the same examiner. The surgery, the post-surgical examination and the OCT were performed by physicians with more than 10y of experience in those procedures. Cataract surgery is one of the surgical techniques more frequently practiced in developed countries. CME is the most frequent cause of visual loss after phacoemulsification. CME is normally a subclinical and self-limited process, but in a small group of patients it turns into a chronic process with permanent loss of visual acuity. Its appearance can occur after a few weeks post-surgery to months later [14] . Many studies report the higher efficacy of topical NSAIDs in preventing post-cataract surgery CME compared to topical corticosteroids. However, studies trying to find the best post-phacoemulsification NSAID do not provide consistent differences among them. In that sense, in the literature there are no relevant clinical comparative studies about the capacity of diclofenac sodium 0.1%, nepafenac 0.1% and bromfenac 0.09% to control post-cataract surgery inflammation, nor comparative studies about the patient's subjective satisfaction with those NSAIDs or their possible adverse effects [5] . Kessel et al [4] perform a systematic review of articles published from 1996 comparing topical corticoids' effectiveness versus NSAIDs to control post cataract phacoemulsification CME. Their conclusion is that NSAIDs are more effective for that purpose with a high level of evidence. Nevertheless, no differences were found in the final VA and the number of adverse effects, except for the increase of IOP in patients treated with corticoids. They did not include studies analyzing the efficacy of the different types of NSAIDs by separate. We do not show any clinically important difference regarding visual acuity in the NSAIDs we studied. Russo et al [15] conclude that the combined use of NSAIDs and topical corticosteroids has synergic effect in controlling postcataract surgery CME. However, the systematic use in patients with low risk of CME is questionable, given the CME low incidence among them. Shoss et al [16] conclude that, although topical NSAIDs reduce post-cataract surgery CME incidence, this incidence is very low, and their systematic is not recommended for uncomplicated surgeries or for patients with corneal pathology. Combined use of corticosteroids with topical NSAIDs could reduce the latter's damaging effect on the cornea. Topical NSAIDs may have harmful effects on the cornea, like superficial punctate keratopathy, infiltrates, or corneal melting.
In our study we did not detect any corneal adverse events. Schoenberger et al [17] observe that there is no evidence of which NSAID is the most effective, but report flurbiprofen is less effective. We will need further investigation to more conclusively demonstrate which of the three NSAIDs would be more safe and effective after cataract surgery. Nevertheless, some investigators have reported superiority of bromfenac and nepafenac. Thus, Warren et al [18] studied the effect of the combined use of topical NSAIDs with intravitreal corticosteroids (triamcinolone) and anti-VEGF (bevacizumab) in the control of chronic pseudophakic CME and compared diclofenac, ketorolac, nepafenac and bromfenac. Using NSAIDs together with corticosteroids and anti-VEGF seemed to increase effectiveness, but only bromfenac and nepafenac were effective compared to placebo. Jones et al [19] come to the conclusion that the topical use of bromfenac 0.09% twice a day is superior to placebo in controlling post-cataract surgery intraocular inflammation. Silverstein et al [20] , concluded as well, that bromfenac 0.07% dosed once daily was clinically effective in achieving zero-totrace anterior chamber cell severity after cataract surgery and superior to placebo in all anterior chamber cell severity and inflammation outcome measures. The results of our study show that bromfenac 0.09% obtains a greater reduction of the retinal thickness values, both at postphacoemulsification 3-week and 2-month OCT measurements. Patient's subjective satisfaction was highest with bromfenac 0.09%. Regarding safety, we record no important adverse effect with any of the three drugs during the follow up period. We cannot conclude which of the three drugs should be preferentially used after cataract surgery, although we found bromfenac 0.09% most effectively reduced foveal thickness. Also, patient's satisfaction level was highest with bromfenac 0.09%. The increased cost of bromfenac 0.09% compared to diclofenac 0.1% needs to be assessed with the clinical significance of its increased efficacy. We plan to perform further investigation of postphacoemulsification NSAIDs by including a fourth treatment arm of corticosteroids alone as well as investigate a new commercial preparation of nepafenac 0.3%.
